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(57) ABSTRACT

A method for forming electrical-contact interface regions on
a wafer including a silicon-carbide substrate having a surface
with at least one conductive region facing the surface. The
method includes forming a first and a second resist layer;
forming; removing portions of the second resist layer to form
a through opening partially aligned to the conductive region;
removing, selective portions of the first resist layer to expose
the surface of the substrate; removing portions of the first
resist layer that extend laterally staggered with respect to the
through opening; depositing a nickel layer on the wafer to
form a nickel region on the substrate in an area corresponding
to the conductive region; removing the first and second resist
layers; and carrying out a step of thermal treatment of the
wafer to form nickel-silicide regions in electrical contact with
the conductive region.
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1
METHOD OF FORMING ELECTRIC
CONTACT INTERFACE REGIONS OF AN
ELECTRONIC DEVICE

BACKGROUND

1. Technical Field

The present disclosure relates to a method of forming elec-
trical-contact interface regions of an electronic device. In
particular, the present disclosure is directed to formation of
nickel-silicide electrical-contact interface regions; in particu-
lar, the nickel-silicide regions are formed on a silicon-carbide
substrate.

2. Description of the Related Art

As is known, semiconductor materials that have a wide
bandgap, in particular that have a value of energy Eg of the
bandgap higher than 1.1 eV, low resistance in the ON state
(Ron)s high value of thermal conductivity, high operating
frequency, and high value of saturation of the speed of the
charge carriers, are ideal for providing electronic compo-
nents, such as, for example, transistors or switches, in par-
ticular for power applications. A material having said char-
acteristics, and designed to be used for manufacturing
electronic components, is silicon carbide (SiC). In particular,
silicon carbide, in its different polytypes (for example,
3CSiC, 4H—SiC, 6H—SIiC), is preferable to silicon as
regards the properties listed previously.

Electronic devices made on a silicon-carbide substrate, as
compared to similar devices made on a silicon substrate,
possess a plurality of advantageous characteristics, such as,
for example, a low output on-resistance, a low leakage cur-
rent, a high working temperature, and high working frequen-
cies.

A significant technological problem, encountered during
steps for manufacturing electronic devices based upon SiC,
regards structural defects observed following upon steps of
formation of metal contacts used for supplying the appropri-
ate electrical signals for biasing and/or control of said elec-
tronic devices (for example, for forming contacts of the
source and drain terminals in the case of a transistor), as
illustrated in the example of FIGS. 1-4.

With reference to FIG. 1, a wafer houses an electronic
device (for example, a MOSFET), of a known type, and
comprises: a semiconductor body 1, made of silicon carbide,
having a P conductivity; a first conductive region 5 and a
second conductive region 6 (source and drain, respectively),
which extend in the semiconductor body and have a second
type of conductivity (N); and an insulated-gate region 3 set on
top of the semiconductor body 1, between the first and second
conductive regions 5, 6. The gate region 3 comprises a dielec-
tric layer 3a, in direct contact with the semiconductor body 1
and a conductive region 35, set on top of the dielectric region
3a.

The semiconductor body 1 is insulated from the outside
world by means of an insulating layer 7, which extends over
the first and second conductive regions 5, 6 and the gate
region 3. The first and second conductive regions 5, 6 are
electrically accessible from the outside of the electronic
device by means of respective metal contacts 8, 9 (in particu-
lar, the metal used is nickel), which extend through the insu-
lating layer 7. The interface regions 13, between the first and
second conductive regions 5, 6 and each respective metal
contact 8, 9, are nickel-silicide regions Ni,Si that provide the
electrical connection between the first and second conductive
regions 5, 6 and the respective metal contact 8, 9.
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FIG. 2 shows the wafer comprising the electronic device of
FIG. 1 in an intermediate manufacturing stage, in particular
for the formation of the nickel-silicide regions 13.

In this case, formed on the semiconductor body 1 (housing
the first and second conductive regions 5, 6) is a dielectric
layer 10, of deposited silicon oxide or TEOS silicon oxide,
having a thickness of between 0.5 pm and 2 pm. The dielectric
layer 10 is then selectively etched using a photoresist mask 14
s0 as to form in the dielectric layer 10 openings 11 that expose
the surface of the underlying semiconductor body 1. The
openings are formed in the area of the first and second con-
ductive regions 5, 6. In general, openings similar to the open-
ings 11 are formed in the dielectric layer 10 wherever it is
useful to form metal contacts.

Then (FIG. 3), the photoresist mask 14 is removed, and a
metal layer 12, in particular a nickel layer, is formed on the
dielectric layer 10 and on the surface of the semiconductor
body 1, exposed via the openings 11. The metal layer 12 is
deposited by means of the sputtering technique. A subsequent
thermal process comprising a rapid thermal annealing (RTA)
at a temperature of between 700° C. and 1100° C. for some
minutes enables formation of the nickel-silicide regions 13 in
the regions of direct contact between the semiconductor body
1 and the metal layer 12.

Then (FIG. 4), the metal layer 12 is etched, for example,
using a solution of nitric acid HNOj;, to remove it from the
wafer except for the nickel-silicide regions. Etching with
nitric acid is selective with respect to silicide, which is not
removed.

Moreover, also the dielectric layer 10 is removed, by means
of'a masked etch using hydrofluoric acid (HF).

The present applicant has found that the high temperatures
used for the RTA step cause a reaction between the nickel of
the metal layer 12 and the silicon oxide of the dielectric layer
10 such that there is formation of a thin interface layer
between the dielectric layer 10 and the metal layer 12. This
interface layer is (from XPS analysis) a matrix of nickel
silicide, nickel oxide, nickel hydroxide, silicon oxide, and
nickel atoms. Consequently, the step of etching with nitric
acid HNO; of the metal layer 12 does not enable convenient
removal also of the interface layer. A complete removal of the
interface layer is possible by prolonging over time the step of
etching with nitric acid HNOj;. The etching step can be pro-
longed over time by a factor of 6 or more.

The present applicant has likewise found that, following
upon complete removal of the metal interface layer, the
dielectric layer 10 presents a damaged surface. The damage of
the dielectric layer 10 is an undesirable effect.

A possible solution to this problem comprises depositing,
by means of sputtering, the metal layer 12 directly on the
semiconductor body and then carrying out a masked etch of
the metal layer 12 so as to remove the latter in the area of
portions of the surface of the semiconductor body 1 in which
it is not desired to form the nickel-silicide regions. The step of
removal of the metal layer 12 can be performed by means of
dry etching or wet etching. Dry etching of the metal layer 12,
however, has revealed a poor selectivity in so far as, in addi-
tion to the metal layer 12, also oxides and/or other dielectrics
present on the wafer are removed. Wet etching, instead, does
not enable definition of the metal layer 12 with the desired
precision, on account of the different rate of etching observ-
able along planes parallel to the direction of etching with
respect to planes orthogonal to the direction of etching.

Moreover, the step of removal of the dielectric layer 10
with hydrofluoric acid HF causes damage to the nickel sili-
cide. In fact, typically, the layout of the devices in question do
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not enable formation of a mask that will cover also the parts
where the silicide has already been formed.

BRIEF SUMMARY

The present disclosure is directed to a method that includes
forming electrical-contact interface regions of an electronic
device on a wafer, the wafer including a silicon-carbide semi-
conductor body of first type of conductivity, the body having
at least one conductive region of a second type of conductiv-
ity. Forming the interface regions includes forming a first
resist layer on a surface of the semiconductor body, forming
a second resist layer on the first resist layer, and forming a
through opening through the second resist layer by develop-
ing portions of the second resist layer, the through opening
being at least partially aligned with said conductive region.
The method includes exposing the surface of the body in an
area corresponding to said conductive region by developing,
through the through opening, portions of the first resist layer
that extend underneath the through opening, removing por-
tions of the first resist layer that extend laterally with respect
to the through opening, forming a metal region on the body by
depositing a first metal material on the wafer in the area
corresponding to the conductive region, removing com-
pletely the first and second resist layers from the wafer, and
forming a silicide region in electrical contact with the con-
ductive region by thermally treating the wafer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a better understanding of the present disclosure, pre-
ferred embodiments thereof are now described, purely by
way of non-limiting example, with reference to the attached
drawings, wherein:

FIG. 1 shows, in cross-sectional view, a portion of an
electronic device of a known type, having a substrate pro-
vided with electrical-contact interface regions;

FIGS. 2-4 show the electronic device of FIG. 1 during
mutually successive intermediate manufacturing steps; and

FIGS. 5-14 show, in cross-sectional view, steps for manu-
facturing electrical-contact interface regions of an electronic
device, according to one embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

The manufacturing process described in what follows
regards a generic electronic device. In fact, as will emerge
clearly from the ensuing description, the process according to
the present disclosure, with the appropriate variants, can be
applied to any electronic device, whenever there is the need to
form electrical-contact (ohmic-contact) regions integrated in
the electronic device. In particular, said electrical-contact
regions are silicide regions. Even more in particular, the sili-
cide regions are formed by means of the RTA thermal process
starting from a metal region formed in an area corresponding
to a surface of a silicon-based semiconductor substrate of the
electronic device. According to one embodiment, the sub-
strate is made of silicon carbide (SiC). According to one
embodiment, the metal region is made of nickel.

With reference to FIG. 5, according to one embodiment of
the present disclosure, a wafer 100 is provided having a
semiconductor body 20, made of semiconductor material
having a first conductivity (P or N doping), in particular
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silicon carbide (SiC). The semiconductor body 20 comprises
a top surface 20a and a bottom surface 2056, opposite to one
another.

According to one embodiment (not illustrated in detail in
the figures), the semiconductor body 20 includes a substrate
and a structural layer, formed on the substrate and in direct
contact therewith. The structural layer is, in particular, made
of'silicon carbide, whilst the substrate may be made of silicon
carbide or of some other material, for example, silicon.

In the description, reference will be made to a system of
axes X, Y, Z. Inparticular, the axes X and Y define a plane XY
parallel to the plane of the semiconductor body 20, i.e., par-
allel to the top surface 20a and to the bottom surface 205. The
axis Z defines a direction orthogonal to the plane XY, i.e.,
orthogonal to the top surface 20a and bottom surface 205.

FIG. 5 regards an intermediate step of processing of the
wafer 100; in particular, the semiconductor body 20 is of the
previously processed type and comprises at least one active
area including conductive regions 21 that have a second con-
ductivity (for example, but not necessarily, they have a doping
opposite to that of the semiconductor body 20), and belong to
one or more electronic devices (not illustrated in detail) inte-
grated in the wafer 100. The conductive regions 21 are
formed, for example, by implantation of dopant species, and
extend in an area corresponding to the top surface 20a of the
semiconductor body 20. According to further embodiments,
the conductive regions 21 can extend throughout the wafer
100. The conductive region 21 can be formed in a way dif-
ferent from implantation, for example, by epitaxial growth of
a doped layer, or some other method still.

With reference to FIG. 5, a first resist layer 24 is formed on
the wafer 100, on top of the top surface 20a of the semicon-
ductor body 20. In particular, the first resist layer 24 is formed
in an area corresponding to the active area, on top of the
conductive regions 21.

According to one embodiment, the resist layer 24 is formed
in direct contact with the semiconductor body 20. According
to a further embodiment (not illustrated), an interface layer
designed to promote adhesion between the resist layer 24 and
the semiconductor body 20 is set between the resist layer 24
and the semiconductor body 20. In any case, it is evident that
the semiconductor body 20 should be cleaned prior to the step
of formation of the first resist layer 24. For example, the
semiconductor body 20 can be cleaned on the top surface 20a
using an appropriate solvent and/or rinsed with de-ionized
water. A subsequent step of heating at low temperature (e.g.,
between 50° C. and 200° C.) enables evaporation of the
solvent and/or of the water.

The first resist layer 24 is a polydimethylglutarimide-based
resist layer, for example, PMGI resist or LOR (“lift-off
resist”).

The first resist layer 24 has, for example, a thickness hy,
(measured along Z, starting from the top surface 20a of the
semiconductor body 20) of between 100 nm and 1 um, for
example, 300 nm; in any case, the thickness of the first resist
layer 24 can be different from the one indicated herein, and
chosen according to the need, as illustrated more fully in what
follows with reference to FIG. 10.

According to one embodiment, assuming a wafer 100 with
a diameter of 150 mm is used, the first photoresist layer 24 is
formed by dispensing a volume of liquid photoresist of
between approximately 2 ml and 7 ml on the wafer 100, at a
speed of spin of the wafer 100 of between 200 and 600 r.p.m.;
then, the spin speed is increased until it is brought up to
approximately 2500-5000 r.p.m. for a total time of approxi-
mately 40-60 s. In this way, a good uniformity of covering of
the wafer 100 is obtained. It is evident that, using a wafer 100
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having a different diameter, the spin speed, as likewise the
amount of photoresist dispensed, can be adapted accordingly
to obtain the desired uniformity of covering of the wafer 100
and thickness of the first photoresist layer 24.

Then, a step of soft baking, at a temperature of between
approximately 150° C. and 250° C., for a time of between 150
s and 400 s, enables stabilization of the chemico-physical
properties of the first resist layer 24 for subsequent machining
steps. The step of soft baking is typically performed on a
hot-plate heated to the desired temperature. Alternatively, it is
advantageous to use a convection oven.

Then (FIG. 6), a second resist layer 26 is deposited on the
wafer 100, in particular on top of the first resist layer 24. The
second resist layer 26 is a photoresist layer of a general-
purpose type, for example, an OiR 906 or OiR 38 photoresist
manufactured by Fujifilm. However, other photoresists can be
used; in particular it is possible to use i-line, g-line, broad-
band, deep-UV, 193-nm, e-beam photoresists, and others still.

The second resist layer 26 has, for example, a thickness hy,
(measured along Z, starting from a top surface of the first
resist layer 24) of between 200 nm and 2 pum, for example, 500
nm; in any case, the thickness of the second resist layer 26
may differ from the one indicated here, and chosen according
to the need, as illustrated more fully in what follows with
reference to FIG. 10.

The second resist layer 26 is formed in direct contact with
the first photoresist layer 24, without the need to use interme-
diate layers. Next, a step of pre-baking of the second resist
layer 26 is performed, for stabilization of the chemico-physi-
cal properties of the photoresist of the second resist layer 26.
The pre-baking temperature and time depend upon the type of
photoresist used.

Then (FIG. 7), laid on the wafer 100 is a photolithographic
mask 28, for defining photolithographically (by means of the
light source 27), in an area corresponding to the second pho-
toresist layer 26, areas 30. The areas 30 defined photolitho-
graphically correspond to respective areas of the semiconduc-
tor body 20 in which it is desired to form the metal contacts,
which, at the end of the manufacturing steps, will form the
conduction terminals of the electronic devices integrated in
the wafer 100. According to the type of photoresist used for
the second resist layer 26, the photolithography is of a posi-
tive type or negative type. FIG. 7 shows a photolithographic
mask 28 for positive photolithography.

Next (FIG. 8), a step of development of the second resist
layer 26 is carried out. For example, for developing the sec-
ond resist layer 26 an OPD 4262 developer is used manufac-
tured by Fujifilm. However, other developers may be used.

In particular, development of the second resist layer 26
enables through openings to be obtained in the second resist
layer 26 that expose respective regions of the first resist layer
24. The through openings 32 have substantially vertical side
walls 32' (i.e., ones that extend along 7).

The next step (FIG. 9) is to proceed with development of
the first resist layer 24 in the areas of said resist layer exposed
through the through openings 32. The first resist layer 24 is of
a negative type, i.e., it is removed in areas not impressed by
photolithography. During the step of FIG. 7, only the second
resist layer 26 is impressed, and not the first resist layer 24.
Consequently, during the development step of FIG. 9, the first
photoresist layer is etched by the developer also in regions
that extend underneath the second resist layer 26, in direc-
tions parallel to the plane XY. Knowing the rate of etching of
the first resist layer 24, it is possible to define a duration of
etching such as to enable complete removal of the first resist
layer 24 exposed in an area corresponding to the through
openings 32 and also laterally underneath the second resist
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layer 26 for an extension d,pzz, measured on the cross
section represented in FIG. 9, of between 200 nm and 600 nm.
Respective regions 204' of the top surface 20a of the semi-
conductor body 20 are thus exposed.

According to one embodiment, the development of the first
photoresist layer 24 and of the second photoresist layer 26 is
performed in a single step using one and the same liquid
developer. In this case, the steps of FIGS. 7 and 8 are per-
formed in one and the same, continuous, processing step.

According to a different embodiment, the development of
the first and second photoresist layers 24, 26 is performed in
two separate steps, using respective developers.

Next (FIG. 10), a step is performed of deposition of metal
material, in particular nickel. As an alternative to nickel, it is
possible to use other metals, for example, aluminum, or tran-
sition metals, such as, for example, gold or titanium, or others
still. In the description, reference will be made in a particular,
but non-limiting, way to nickel.

The step of deposition of metal material represented in
FIG. 10 is carried out, in particular, by a process of evapora-
tion (which enables operation at lower temperatures than in
the case of the sputtering process).

Following upon the step of deposition, metal regions 34a,
34b, 34c¢ (in particular, as has been said, nickel) extend over
the second resist layer 26, in areas corresponding to side walls
32' of the through openings 32, and over part of the exposed
regions 20a' of the top surface 20a of the semiconductor body
20. In particular, the metal regions 34¢ extend vertically
aligned (i.e., aligned along 7) to the side walls 32' of the
through openings 32. In fact, during the step of deposition of
the metal material, the second resist layer 26 functions as
deposition mask, preventing any formation of further metal
regions on the portions of the top surface 20qa of the semicon-
ductor body 20 that extends underneath the second resist layer
26.

Inorderto obtain metal regions 34¢ separate from the metal
regions 34b, the metal regions 34¢ have a thickness h,, (mea-
sured along 7) smaller than the thickness hy, of the first resist
layer 24. Furthermore, once again to form metal regions 34¢
separate from the metal regions 345, the metal regions 34c¢
have a thickness h,, (measured along Z) smaller than the
thickness h,,,=hg +hy, (once again measured along Z)
given by the sum of the thickness of the first resist layer 24 and
the thickness of the second resist layer 26; for example, h,,is
less by approximately 10-30% than h,;. According to one
embodiment provided by way of example, the first resist layer
24 has a thickness hy, of approximately 300 nm, the second
resist layer 26 has a thickness hy, of approximately 500 nm,
and the metal regions 34c¢ have a respective thickness h,, of
approximately 200 nm.

According to a further embodiment, the thickness h, ,is less
by approximately 25%-30% than the value of hg, (i.e., h,,is
between approximately 0.7-h,, and 0.75'hg,).

Itis evident that, in any case, the thicknesses h,, and h,, of
the first and second resist layers 24, 26 (during the steps of
FIGS. 5 and 6) can be chosen according to the desired thick-
ness h,, desired for the metal regions 34c.

Next (FIG. 11), a step of removal of the first and second
resist layers 24, 26 is carried out. This step involves conse-
quent removal of the metal regions 34a and 345, fixed with
respect to the second resist layer 26, but not of the metal
regions 34c that, as has been said, are fixed with respect to the
semiconductor body 20 alone. The step of FIG. 11 can be
performed using a solvent designed to remove the first resist
layer 24 without damaging the wafer 100. For example, in the
case previously described, in which the first resist layer 24 is
made of PMGI, it is advantageous to use a solvent with a base
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of N-methyl-pyrrolidone, also known as NMP. This step is
performed by means of one or more baths at a temperature of
some tens of degrees centigrade, for example, 60° C., for
approximately 20-30 minutes, followed by a rinsing step.

Finally (FIG. 12), a rapid thermal annealing (RTA), at a
temperature of between approximately 700 and 1100° C., for
example, approximately 1000° C., for a period of between 40
s and 70 s, for example, approximately 60 s, enables forma-
tion of silicide regions 40 in an area corresponding to the top
surface 20q of the wafer 20 where the metal regions 34c are
present. The type of silicide depends upon the material of the
metal regions 34c¢. In the case where the metal regions 34c¢
consist of nickel, the RTA step leads to formation of regions
40 of nickel silicide (Ni,Si). The process of formation of
nickel silicide, deriving from the high-temperature chemical
reaction of silicon molecules of the silicon-carbide substrate
with the nickel of the metal regions 34c is a process in itself
known and hence not described any further herein.

The silicide regions 40 thus formed provide a conductive
interface for the electrical coupling (ohmic contact) between
the conductive regions 21 and the metal contacts that provide
conduction terminals of the electronic devices.

FIG. 13 shows in cross-sectional view an enlarged portion
of a silicide region 40, where lateral spacers 40' are more
clearly illustrated, which extend in a direction transverse to
the plane XY.

These spacers 40" are generated as a consequence of the
fact that the metal regions 34c are free laterally and hence the
nickel reacts with the SiC substrate, during the RTA step, also
laterally, thus forming the spacers 40'".

It is advantageous to take into consideration the dimen-
sional variation of the silicide regions 40 on account of for-
mation of the spacers 40' already during the step of photo-
lithographic definition of the openings 32 (FIGS. 7 and 8), to
form openings 32 that have a dimension, along X, smaller
than the dimension desired for the silicide regions 40, by an
amount equal to the extension, once again along X, of the
spacers 40'.

FIG. 14 shows, by way of example, the wafer 100, in which
formed on the top surface 20a of the semiconductor body 20
are a dielectric layer 45 (for example, silicon oxide) and
conduction terminals 48, 49 made of metal material, which
extend through the dielectric layer 45 until they contact the
semiconductor body 20 in an area corresponding to the sili-
cide regions 40.

The process previously described with reference to FIGS.
5-14 may be applied to the manufacture of any electronic
device having a silicon-carbide substrate on which it is
desired to form one or more nickel-silicide regions in order to
create a conductive interface. The electronic devices com-
prise, for example, diodes, N-channel MOSFETs, P-channel
MOSFETs, vertical-channel VMOS transistors, JFETs.

From an examination of the characteristics of the disclo-
sure obtained according to the present disclosure the advan-
tages that it affords are evident.

In particular, according to the present disclosure the prob-
lems deriving from the defects caused by the interaction
between the nickel layer and the TEOS oxide during RTA,
described with reference to the known art, are overcome.

Moreover, since a step of etching with hydrofluoric acid
HF is not present, the nickel-silicide regions are not damaged
by the HF.

In addition, the process of formation of the nickel-silicide
regions is considerably simplified, with consequent advan-
tages in terms of economy of the process and reduction of
production times.
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Furthermore, the process of manufacture according to the
present disclosure enables geometrical definition of the sili-
cide regions, which may have any shape and/or size, and in
which the only limit is represented by the limits of the pho-
tolithographic technique used.

Finally, the process according to the present disclosure is
completely compatible with possible materials (oxides,
dielectric materials, semiconductors, etc.) already present on
the wafer, in so far as solvents commonly employed in lithog-
raphy are used.

Finally, it is clear that modifications and variations may be
made to what has been described and illustrated herein, with-
out thereby departing from the sphere of protection of the
present disclosure.

For instance, the method for forming the silicide regions
described according to the present disclosure can be used for
forming one or more silicide regions outside the active area of
the electronic device, for example, in an area corresponding
to an edge region of the electronic device, and in any case
interface regions that provide an ohmic contact are to be
formed.

The various embodiments described above can be com-
bined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the specifi-
cation and the claims, but should be construed to include all
possible embodiments along with the full scope of equiva-
lents to which such claims are entitled. Accordingly, the
claims are not limited by the disclosure.

The invention claimed is:

1. A method, comprising:

forming electrical-contact interface regions of an elec-

tronic device on a wafer, the wafer including a silicon-
carbide semiconductor body of first type of conductivity,
the body having at least one conductive region of a
second type of conductivity, forming the interface
regions including:

forming a first resist layer on a surface of the semiconduc-

tor body;

forming a second resist layer on the first resist layer;

forming a through opening through the second resist layer

by developing portions of the second resist layer, the
through opening being at least partially aligned with said
conductive region;

exposing the surface of the body in an area corresponding

to said conductive region by developing, through the
through opening, portions of the first resist layer that
extend underneath the through opening;

removing portions of the first resist layer that extend later-

ally with respect to the through opening;

forming a metal region on the body by depositing a first

metal material on the wafer in the area corresponding to
the conductive region;

removing completely the first and second resist layers from

the wafer; and

forming a silicide region in electrical contact with the

conductive region by thermally treating the wafer.

2. The method according to claim 1 wherein the first metal
material is nickel, and the silicide region includes nickel
silicide.

3. The method according to claim 1 wherein the first resist
layer is a photoresist layer of a positive type, and the second
resist layer is a photoresist layer of a negative type.

4. The method according to claim 1 wherein the first resist
layer is a polydimethylglutarimide-based resist layer.
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5. The method according to claim 1 wherein the second
resist layer is a resist layer that is one from among: i-line
photoresist, g-line photoresist, broadband photoresist, deep-
UV photoresist, 193-nm photoresist, and e-beam photoresist.

6. The method according to claim 1 wherein the surface of
the semiconductor body lies in a plane, and wherein removing
portions of the first resist layer and the second resist layer
include removing portions in a first direction substantially
orthogonal to said plane, and removing portions of the first
resist layer in a second direction substantially orthogonal to
the first direction.

7. The method according to claim 1 wherein forming the
metal region includes depositing said first metal material until
reaching a first thickness from the surface of the semiconduc-
tor body, the first thickness being smaller than a second thick-
ness of the first resist layer.

8. The method according to claim 7 wherein the second
resist layer has a third thickness, the first thickness being 10%
and 30% smaller than a sum of the second and third thick-
nesses.

9. The method according to claim 1 wherein depositing the
first metal material includes depositing by evaporation.

10. The method according to claim 1 wherein thermally
treating the wafer includes a rapid thermal annealing at a
temperature between approximately 800 and 1100° C. for a
time between approximately 40 and 70 seconds.

11. The method according to claim 1, further comprising
the steps of:

forming, on the surface of the semiconductor body, a

dielectric layer;

forming an opening through the dielectric layer by remov-

ing portions of the dielectric layer to expose the silicide
region; and

forming an electrical-contact terminal through the dielec-

tric layer, electrically contacting the silicide region.

12. The method according to claim 11 wherein forming the
electrical-contact terminal includes depositing a second
metal material on the silicide region in said opening of the
dielectric layer.

13. The method according to claim 1 wherein said elec-
tronic device is one from among the group consisting of a
diode, a horizontal-channel transistor, vertical-channel tran-
sistor, and a JFET.

14. A method, comprising:

forming a first doped region in a substrate;

forming a first resist layer on the substrate;

forming a second resist layer on the first resist layer;

forming a first portion of a first opening in the second resist

layer, the first opening being positioned above the first
doped region in the substrate, sidewalls of the first resist
forming edges of the first opening;

forming a second portion of the first opening in the second

resist layer, the second portion being wider than the first
portion of the first opening;
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forming a first conductive region on the first doped region
exposed by the first opening by forming a conductive
layer on the second resist layer, on the edges of the first
opening, and on the first doped region exposed by the
first opening;

removing the first resist layer, the second resist layer, and

portions of the conductive layer on the second resist
layer and on the edges of the first opening;

forming a silicide region by annealing the first conductive

region.

15. The method of claim 14 wherein the silicide region has
a top surface that is smaller than a bottom surface, angled
sidewalls connecting the top surface to the bottoms surface.

16. The method of claim 15 wherein the angled sidewalls
are inwardly angled towards a center axis of the silicide
region.

17. The method of claim 14 wherein the first portion of the
first opening has a first width, the second portion of the first
opening has a second width, and the conductive region has a
third width that is closer in size to the first width than to the
second width.

18. The method of claim 16 wherein the second width is
smaller than a surface area of the first doped region.

19. A method, comprising:

forming a first doped region in a substrate;

forming on the substrate a first resist layer having a first

opening that exposes the first doped region;

forming on the first resist layer a second resist layer having

a second opening aligned with the first opening, the
second opening being more narrow than the first open-
ing;

forming a first conductive region on the first doped region

after forming the first and second conductive regions and
the first and second openings;

removing the first resist layer and the second resist layer

after forming the first conductive region;

forming a silicide region by annealing the first conductive

region.

20. The method of claim 19, wherein the silicide region has
atop surface, a bottom surface, and angled sidewalls connect-
ing the top surface to the bottoms surface, the top surface
being smaller than the bottom surface.

21. The method of claim 19, wherein the first opening is
formed after forming the second opening.

22. The method of claim 19, wherein the first opening has
a first width, the second opening has a second width, and the
conductive region has a third width that is closer in size to the
second width than to the first width.

23. The method of claim 22, wherein the second width is
smaller than a surface area of the first doped region.
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